The heavy metal ions, especially Cd 2+ , Pb 2+ and Hg 2+ , show extremely hazard to the environment and human being. The measurement of heavy metal ions using sensors is catching more and more attention for its advantages of high sensitivity and selectivity, low-cost, convenience to handle and rapid detection. In recent years, nanomaterials such as gold nanoparticles (NPs), magnetic nanoparticles, graphene and nanocomposite materials are applied in sensors for improving sensitivity and selectivity, making the research on electrochemical (EC) sensors, spectrometric biosensors and colorimetric biosensors become a hot spot in the application to investigate heavy metal ions, in particular, Cd 
Introduction
Heavy metals, especially Cd 2+ , Pb 2+ and Hg 2+ , have attracted huge attention around the world for their high toxicity which impacts on human health directly or indirectly. For instance, cadmium with a greatest potential hazard to the environment and human beings can cause kidney damage and cancer [1, 2] ; lead poisoning can influence neurobehavioral even cause encephalopathy [3, 4] . Besides, mercury is another toxic heavy metal which has deadly effects on the brain and digestive systems [5] .
As we all can see, heavy metals are non-biodegradable. Therefore, environment could be seriously polluted if heavy metal elements are directly discharged into rivers or the soil. Due to the biological magnification effect of biological chain, those heavy metal ions can be enriched with thousands of times [6] and finally enter into human body. For instance, heavy metal ions accumulated in fish or absorbed by rice or other crops and then eaten by human beings would give rise to heavy metal poisoning, ranging from bone pain to strange disease such as Minamata disease and even death. What's more, the strong interaction of heavy metal ions with protein (or enzymes) occurs in human body, which would make the protein lose activity, hence causing chronic poisoning.
Thus, pursuing a reliable, sensitive, and convenient approach for trace heavy metal ions detection, especially, Cd 2+ , Pb 2+ and Hg 2+ , which attracts tremendous interests in recent years, is of great significance not only in environment studies but also in food studies and such fields as agriculture and industry. Various methods, the conventional methods, have been reported for the detection of heavy metal ions, such as atomic absorption spectroscopy (AAS) [7] , atomic fluorescence spectrometry (AFS) [8] , X-ray fluorescence spectrum (XRF) [9] , inductively coupled plasma (ICP) and ion-coupled plasma-mass spectroscopy (ICP-MS) [10, 11] . Although some of these methods have indeed advantages (e.g. high sensitivity or high selectivity), they either need skilled operators, expensive biomolecule reagents or involve complicated sample pretreatment and timeconsuming. Thus the traditional methods could not meet the quick and in situ detection requirements of heavy metal ions. At the same time, sensors have been employed to overcome the limitations of above methods owing to their portability, low cost, rapid response and excellent sensitivity and have been developed to detect heavy metal ions in recent years [12] [13] [14] .
The application and development of nanomaterials have received considerable attention in recent years [15] [16] [17] [18] [19] . To name just a few, nanospheres, nanowires and nanorods can help in improving the ability of electron transfer rate. Moreover, semiconductor nanomaterials make the photochemical reactions more efficient. Besides, various nanomaterials have been synthesized and applied for the detection of heavy metals ions. It has been indicated that the development of electrochemical (EC) sensors modified with nanomaterials offers unique advantages (higher sensitivity and selectivity) [19] . On the other hand, designing a sensor with suitable interface helps to identify the trace heavy metal ions from any kind of samples in a rapid and efficient way. Vast advantages have been dug out especially for gold NPs and silver NPs, the colorimetric methods were showed up via the color change as NPs aggregated [20] [21] [22] [23] . The basic principle is shown in Figure 1 [24] . This kind of sensor costs little and can just be viewed by naked eye. Because of the special optical properties of the nanomaterials which are facile to measure, plenty of spectrometric biosensors (e.g. surface plasmon resonance (SPR), surface enhanced Raman scattering (SERS), UV-visible (UV-Vis) spectra) have found application recently. Besides, fluorescence analysis is more favorable for rapid and efficient detection without any expensive apparatus involved for centuries. However, the traditional fluorescence material would not meet the requirement of trace heavy metal ions detection. Thus, sensors based on NPs or nanocomposites, quantum dots (QDs) etc. have been developed rapidly owing to their remarkable selectivity and sensitivity, easiness to handle and may avoid using expensive apparatus. Han and coworkers [25] devoted themselves to fluorescent sensors, making a huge contribution to heavy metal detection especially mercury ion, summarized and prospected the fluorescent sensor for heavy metal ions detection. But their study is based on organic molecules. Gumpu et al. [26] made a review on toxicity mechanisms of various metal ions and the detection of them based on EC method. Barton et al. [27] highlighted the significance of screen-printed electrodes of in situ analysis of heavy metal ions. Zhang et al. [28] summarized the biosensors for the detection of heavy metal ions based on nanostructures functionalized with DNAzymes/ DNA molecules. In recent years, for purpose of improving sensitivity and selectivity, nanomaterials are applied to sensors for the detection of heavy metal ions. In the paper, sensors for detection of Cd 2+ , Pb 2+ and Hg 2+ were highlighted, which was summarized from electrochemical sensors, spectrometric biosensors and colorimetric biosensors based on nanomaterials.
Sensors based on nanomaterials

EC sensors based on nanomaterials
Currently, researchers devote themselves to studying novel and special modification materials for heavy metal ions detection, and nanomaterials provide a promising prospect. The construction and application of modified electrodes (such as NPs, QDs, carbon nanotubes (CNTs) or graphene modified electrodes) has gained considerable attention related to the high sensitivity and selectivity for the detection of heavy metal ions. Herein a good many of this kind of EC sensors would be mentioned as following.
Graphene, a novel two-dimensional carbon nanosheet, has been widely used to modify EC surfaces. Wei and co-workers [29] , and Hg 2+ detection, which showed highly response and low detection limits ( Figure 2 ). The SnO 2 /graphene nanocomposite applied to the simultaneous detection of heavy metal ions was reported for the first time. Combining the advantages of both SnO 2 and graphene makes this kind of nanocomposite become a promising material for sensing application. Then Song et al. [30] designed a nanocomposite based on nanographene and Nafion to modify GCE for the detection of Cd 2+ . This novel sensor using differential pulse anodic stripping voltammetry (DPASV) analysis showed ultrasensitivity towards Cd 2+ with limit of detection of 3.5 ng/L, and a linear relation with the concentration of Cd 2+ ranging from 0.25 to 5 μg/L was displayed. Furthermore, this promising nanographene based sensor could successfully distinguish Cd 2+ from interferents such as magnesium salts, sodium salts, and could be applied for the rapid on-site detection of Cd 2+ in tap water. Liu et al. [31] reported GCE modified with liquid phase-exfoliated graphene nanosheets for Cd 2+ and Pb 2+ detection in water sample. By contrast, an unmodified GCE, and a reduced graphene oxide-modified GCE was introduced. Undoubtedly, the prepared GCE modified with reduced graphene oxide displayed higher sensitivity for simultaneous detection of Cd 2+ and Pb 2+ . Later, Promphet et al. [32] reported the screen-printed carbon electrode (SPCE) modified with graphene/polyaniline/polystyrene (G/PANI/PS) nanoporous fiber for simultaneous detection of Cd 2+ and Pb 2+ in water samples. The satisfied results showed that the modified SPCE had a much higher sensitivity then the unmodified SPCE, thanks to the increase in specific surface area of the electrospun G/PANI/PS nanoporous fibers. In addition, this kind of EC sensor can be reused simply by washing step. Choi et al. [33] developed a rapid simultaneous detection method for Cd 2+ , Cu 2+ , Hg 2+ and Pb 2+ with help of SPCE modified with graphene oxide doped diaminoterthiophene (GO/DTT). In the study, a urine standard reference material and water samples were tested to verify the feasibility of the method and approving results were obtained. GhaneiMotlagh and co-worker [34] reported a GCE sensor based on reduced graphene oxide capped with ion-imprinted polymer (RGO-IIP) for Hg 2+ detection, and the result showed that the limit of detection was lower than the standard value set by WHO (World Health Organization). Meanwhile, Xing et al. [35] proposed a GCE based N-doped graphene (NG) for simultaneous detection of Pb 2+ , Cd 2+ , Cu 2+ , and Hg 2+ . This kind of sensor showed high sensitivity towards heavy metal ions owing to the advantages of graphene and nitrogen functional groups.
Mesoporous materials have been considered as a popular modifying material owing to its uniform pore sizes, high surface areas, and fast electron transfer rate. Xia [36] developed a hexagonal mesoporous silica (HMS) immobilized with quercetin to modify carbon paste electrode (HMS-Qu/ CPE) for simultaneous detecting of Cu 2+ , Cd 2+ and Hg 2+ . Finally, this fast and selective sensor was successfully applied to soil sample. Dai et al. [37, 38] described a GCE modified with amino-functionalized mesoporous silica (NH 2 -MCM-41), which was demonstrated to be a facile tool for the determination of ultra-trace of Cu 2+ as well as simultaneous determination of Cd 2+ and Pb
2+
. The modified sensor possessed good stability and could be applied for heavy metal ions detection in aqueous solutions. Besides, Guo et al. [39] introduced a voltammetricsensor based on thiol-functionalized mesoporous molecular sieve and an ionic liquid composite film for Cd 2+ detection. The electrode showed excellent sensitivity to Cd 2+ in water samples and seemed a promising sensor for various species. In the paper by Tang et al. [40] , the ordered mesoporous carbon (OMC), 2-mercaptoethanesulfonate (MES) tethered polyaniline (PANI) and bismuth modified GCE (Bi/PANI-MES/ OMC/GCE) was synthesized for simultaneous determination of Cd 2+ and Pb 2+ at trace level by DPASV. That proposed sensor exhibited low detection limits (0.26 nM for Cd 2+ and 0.16 nM for Pb 2+ ) and could be a good choice for trace heavy metal determination. Cui et al. [41] developed an electrode fabricated from nitrogen-doped porous carbon material (N@MOG-C) for sensitive detection of Cd 2+ . With the porous structure, this N@MOG-C modified sensor showed a high effective area. What is more, the N@MOG-C-based sensor showed a wide detection range for Cd 2+ (0.025-5 μM), with detection limit of 2.2 nM ( Figure 3 ). Recently, Fort et al. [42] developed a GCE for the determination of trace of Cd 2+ and Pb 2+ based on Bi doped mesoporous carbon-xerogel (Bi-CX) combined with chitosan matrix (Chi). The proposed Bi-CX was confined in Chi which was then used to modify GCE. Combining both advantages of Bi and CX, the sensor showed excellent sensitivity towards Cd 2+ and Pb 2+ . The linear ranges of this sensor was estimated as 0.2-2 ppb for Pb 2+ and 11.2-124 ppm for Cd 2+ , with detection limits of 0.07 and 5.06 ppm, respectively. Zhang et al. [43] synthesized self-doped polyaniline nanofibers/mesoporous carbon nitrde (SPAN/MCN)/ bismuth to modify GCE for simultaneous detection of Cd and Pb 2+ at trace level. Combining the superiority of MCN and SPAN, the sensor showed excellent analytical performance.
As CNTs discovered by Iijima [44] , much more attention has been paid to this kind of material due to its high charge transfer capacity, high surface area and good chemical stability. Song et al. [45] 2+ , with overall analysis time below 4 min. Moreover, this kind of sensor could be practically applied for the on-site heavy metal ions analysis in water solutions. Agustini et al. [53] described a CPE (nBi-BchCPE) modified with sensitive biochar and bismuth nanostructures for the trace determination of Pb 2+ . Under optimal conditions, the nBi-BchCPE sensor showed a linear range between 5.0 nM to 1 μM, and the detection limit was 1.41 nM which was much lower than that of Oliveira and coworkers [54] . The results showed that bismuth nanodots could greatly improve the detection sensitivity. Devasenathipathy et al. [55] 2+ detection, based on AuNPs modified with thymine (T)/reduced grapheme oxide nanocomposites. This sensor showed excellent selectivity towards Hg 2+ due to formation of the T-Hg 2+ -T complexes. AuNPs are widely used in sensors, for example, Xiong et al. [62] described that Au electrode modified with the as-prepared AuNPs doped carbon foams showed remarkable response towards simultaneous detection of Pb 2+ and Cu 2+ . In the study by Liu et al. [63] , Au-Ph-AuNP-glutathione (GSH) electrode was fabricated for the sensitive measure-ment of Cd 2+ . Firstly, AuNPs modified with 4-nitrophenyl and 4-carboxylphenyl (Ph-AuNPs) were prepared, then Au electrodes were modified with Ph-AuNPs to obtain Au-PhAuNP by in situ anchoring, and finally an Au-Ph-AuNP-GSH sensing interface by GSH modified Au-Ph-AuNP via amide bonding was achieved. This stable sensor has a wide detection range for Cd 2+ (0.1-100 nM), and the limit detection was 0.1 nM. Most importantly, the portable EC sensor has the potential for onsite monitoring of heavy metals at trace level.
Besides, Kumar et al. [64] used SnO 2 QDs possessing tetragonal crystal structure and well crystalloid to fabricate a highly sensitive and selective EC sensor for the accurate on-site detection of Cd 2+ in aqueous solution. Furthermore, this reproducible EC biosensor showed excellent sensitivity of 77.5×10 2 nA/(ppm cm 2 ) with a detection limit as low as 0.5 ppm and response time less than 2 s.
Based on modification with nanomaterials, EC sensor shows a wider detecting range and much lower detection limits in comparison with those EC sensors modified chemically or modified with microspheres. A few developments of different kinds of EC sensors for heavy metal ions detection were summarized in Table 1 .
Spectrometric biosensors based on nanomaterials
In recent years, the development of spectrometric biosensors for metal ions has gained increasing attention because of their facility of measurement of optical properties.
Fluorometric biosensor
Fluorescence sensors are vigoroso tools to measure metal ions, due to their high response speed and excellent sensitivity and selectivity. Nowadays, fluorometric sensor based on nanomaterials for heavy metal ions detection has become a research focus [65] [66] [67] .
Vast organic materials have been applied to fluorescence methods and showed high selectivity or wide detecting range. Even so, considering those complicated synthesis of the sensor, Huang et al. [68] developed AuNPs modified with GSH for discriminative determination of Hg 2+ and Cd 2+ , a facile strategy based on pH modulated surface chemistry of the GSH-AuNPs. Due to the opposite interaction mechanism with GSH-AuNPs, Hg 2+ can provoke the 2+ and Hg 2+ in spiked serum samples with excellent and wide linear relationship ranging from 5 nM to 100 μM and 5 nM to 20 μM, respectively. Moreover, both of its detection limits were as low as 1.8 nM, which showed an extremely high sensitivity towards those two heavy metal ions for the fluorescent sensor. Besides, Hu et al. [70] applied the GSH-Cu NCs to detect Hg 2+ which indicates that the Cu NCs have the potential for heavy metal ions sensing detection. Lately, Tang et al. [71] prepared a modified AuNPs sensor for the detection of Hg 2+ . The fluorescence of 1-pyrenebutyric acid (PBA) would quench in the as-prepared modified AuNPs solution via fluorescence resonance energy transfer (FRET) from PBA to AuNPs. Dramatically, the presence of Hg 2+ would turn-on the fluorescence of PBA and thus realized the selective detection of Hg 2+ . In the paper of Zhu et al. [72] , a bifunctional silica microsphere fluorescent sensor modified with naphthalimide fluorophore was fabricated. This fluorescent sensor was used to detect and removal of Cd 2+ , Hg 2+ and Pb 2+ in water samples which was reported for the first time. Due to the high adsorption of the sensor, these toxic metal ions can be measured by an enhancement of fluorescence intensity. Further, the detection limit was 36, 48 and 39 nM (for Cd 2+ , Pb 2+ , Hg 2+ ), respectively. Most importantly, the sensor can not be regenerated until five more removal/regeneration cycles by acid treatment. Nowadays, Patil et al. [73] have reported a N-methyl isatin nanoparticles (N-MINPs) probe based on chelation enhanced fluorescence for Cd 2+ detection. The N-MINPs showed high selectivity towards Cd 2+ in aqueous samples by enhancing the fluorescence while the other ions would quench the fluorescence. Hu et al. [74] reported a kind of sensor based on highly cross-linked polyphosphazene hybrid nanoparticles for Hg 2+ detection. The hollow etraphenylporphyrin-co-cyclotriphosphazene (TPP-PZS) NPs show high selectivity towards Hg 2+ and prominent resistance to photobleaching for the highly cross-linked structures (Figure 4) .
Besides, Chen et al. [75] designed a cross-reactive sensor array for seven heavy metal ions detection, using different modification materials such as NCs or QDs (CdTe@MPA, CdTe@GSH, AgNCs@PMAA, AuNCs@BSA). This kind of sensor array showed satisfied results of tested samples and is suitable for detection of various heavy metal ions at different pH. CdSe QDs capped with thioglycerol were synthesized by Negrerie et al. [76] to detect Cd 2+ in water samples . In an average diameter between 2.5 and 2.8 nm, the TG(Thioglycerol)-capped CdSe QDs exhibit excellent optical properties. The presence of Cd 2+ which can induce the TG-CdSe QDs fluorescence emission quenching, and enhance the UV-Vis absorption of CdSe QDs as well, while the other 17 tested metal ions could not influence the absorption of QDs. Hence, this water-soluble CdSe QDs showed high selectivity for Cd 2+ .
Others
Apart from the fluorometric sensors, the technology of SPR and SERS are also widely used for heavy metal ions these days [77, 78] . Song et al. [79] made a comprehensive review on SERS for Hg 2+ detection. Recently, Gupta et al. [80] has designed an optical fibre SPR sensor fabricated with Ag and indium tin oxide (ITO) and further modified with pyrrole and chitosan composite coating to detect heavy metal ions in drinking water. This SPR sensor is capable of detecting Cd 2+ , Pb 2+ , and Hg 2+ at trace level in water sample. In addition, the sensor showed high sensitivity towards Cd 2+ over the other ions owing to its strong combination with the sensing surface. It was shown that the sensitivity of the SPR sensor decreased as the concentration of heavy metal ions increased. Lately, Kamaruddin and co-workers [81] fabricated a chitosangraphene oxide SPR sensor based on Au-Ag-Au nanostructure layers to detect Pb 2+ . Owing to the stability of the mutimetallic nanostructure, the SPR sensor showed excellent reproducibility, and the high response towards Pb 2+ made the sensor a promising tool to detect Pb 2+ in wastewater. Besides, Fu and co-workers [82] used surface enhanced Raman scattering immunochromatographic sensors (SERS ICSs) based on Au@Ag core-shell NPs for Cd 2+ detection. The testing results showed that the proposed SERS ICSs displayed a higher sensitivity towards Cd 2+ than AuNPs based ICSs, mainly due to that the rough surface and the core-shell structure of Au@Ag NPs could enhance the sensitivity of the sensor. Thus, the limit of detection for Cd 2+ was as low as 0.05 ng/mL. Besides, the SERS sensors to detect Pb 2+ have been reported as well. For example, Zhao and co-workers [83] proposed SERS based on AuNPs/ reduced graphene oxide for Pb 2+ detection. This kind of nanoarchitecture showed ultrasensitive feature towards Pb 2+ with the detection limit of 1 nM.
Colorimetric biosensors based on nanomaterials
Nowadays, different kinds of colorimetric detection methods based on nanomaterials have been well developed and applied. As a consequence, some scholars devote themselves to develop novel and portable colorimetric methods for detection of heavy metal ions [84, 85] , which has got substantial results. Among those nanomaterials, silver or gold nanomaterials have been used more widely because of their high surface reaction activity, strong distancedependent optical properties and the higher extinction coefficient [86] [87] [88] .
AuNPs are widely investigated [89] [90] [91] and are the most popular nanomaterials applied to colorimetric sensors [92] . For instance, Guo et al. [24] used the unmodified AuNPs to detect cadmium ions in rice sample with no labels for the first time. The basic mechanism is that the unmodified AuNPs freely disperse in a high concentration of NaCl solution in the presence of GSH; however, the presence of Cd 2+ in above solution can easily provoke the aggregation of AuNPs, while the other ions cannot under the same condition. A main reason is Cd 2+ can catch four GSH molecules as a complex spherical shaped, decreasing the amount of free GSH on the surface of AuNPs, thus weakening the stability of AuNPs, therefore, the AuNPs can easily aggregate. Based on that mechanism, a simple, label-free colorimetric method was successfully designed to detect Cd 2+ in water and digested rice samples. Similarly, Manjumeena et al. [93] developed GSH functionalized AuNPs, a highly responsive probe, via the thiol group from the cysteine moiety for precise detection of Cd 2+ in the environment. This study showed the color change based on AuNPs aggregation from wine red to purple occurring in less than 10 min. The Cd 2+ detecting limitation was ranging from 30 to 70 nM. AuNPs based colorimetric method for Pb 2+ has been reported by Lima et al. [94] . In the study, an eld-portable photometer was used to measure the amount of Pb 2+ which could induce the aggregation of AuNPs thus to monitor Pb 2+ in spiked water samples. This novel method showed excellent selectivity for Pb 2+ over the other 19 metal ions. Besides, there is an analytical curve with the concentration of Pb 2+ ranging from 0.6 to 10 mM, and the detection limit was 0.89 mM with a repetition of 4.11%. Similar to above mechanism, Kumar and co-workers [95] designed a kind of AuNPs colorimetric sensor for Hg 2+ detection. Interestingly, Wang et al. [96] reported the AuNCs capped with BSA to detect Hg 2+ . Unlike the aggregation of AuNPs causing the color change of solution, the mechanism of this sensor is to trigger color change from colorless state to blue, due to a stronger bond between Hg 2+ and hydrosulphonyl (-SH) of cysteine than that between Au and -SH, which would cause recovery of the BSA-AuNCs catalytic activity.
Lately, gold nanocomposites applied to colorimetric sensor have arisen. Kumar et al. [97] synthesized SiO 2 @Au core-shell nanocomposites applied in colorimetric sensor for Cd 2+ detection in water sample. In the study, SiO 2 @Au core-shell nanocomposites showed superior sensitivity towards Cd 2+ , which was twenty times more sensitive than AuNPs, although AuNPs were also sensitive towards Cd 2+ . Soon afterwards, Kumar and co-workers applied this colorimetric sensor to detect Pb 2+ and gained satisfactory results [98] . Besides, Yang et al. [99] developed Au-Fe 3 O 4 NPs fabricated by ethyl 1-(2-(3′,4′-di-hydroxyphenyl)-2-oxoethyl)-1H-1,2,3-triazole-4-carboxylate (ETC), a bifunctional sensor for the determination of Cd 2+ . The useful sensor could not only rapidly detect Cd 2+ with naked eye because of the strong combination between Cd 2+ and ETC, causing the aggregation of dispersed Au-Fe 3 O 4 NPs, but also realized the on-site qualitative detection of Cd 2+ via the analysis of magnetic relaxation and UV-Vis spectra. This ETC-Au-Fe 3 O 4 sensor combining the advantages of colorimetric and magnetic showed high selectivity for Cd 2+ and will have wide development space.
AgNPs, another kind of nanoparticles used in colorimetric method to detect Cd 2+ , have been widely reported. Wu et al. [100] recently have reported an approach based on 5-sulfosalicylic acid modified AgNPs (SAA-AgNPs), an ultrasensitive colorimetric method, for Cd 2+ detection. This low-cost method not only shows excellent selectivity for Cd 2+ with rapid detection in 2 min, but also has highly reproducibility in detecting Cd 2+ in real samples with recoveries ranging from 93% to 110%.
Conclusions and prospect
In this short review, the development of sensors based on nanomaterials or nanocomposites in recent years [98] for heavy metal ions detection is introduced, the sensors can be classified as EC sensor, fluorometric biosensor and colorimetric biosensor via the detection modes. The EC sensors modified with NPs, ODs, carbon nanotubes (CNTs) or grapheme, etc, are highlighted, and both the detection limit and linear range of sensors modified with different nanomaterials were compared in Table 1 . From the advanced researches, some nanomaterial modified sensors could simultaneously detect several heavy metal ions; in addition, the nanomaterial modified sensors showed lower detection limit, high sensitivity and good selectivity for heavy metal ions. Meanwhile, the spectrometric biosensor and colorimetric biosensor for determining heavy metal ions are also introduced in detail.
Heavy metal ions have extensive distribution, ranging from field, water to organism, and finally accumulate into human body causing health problem. Thus, it is of great significance to develop in situ, quick, real-time and accurate detection methods for heavy metal ions, especially the heavy metal ions in biological samples. However, due to that biological samples such as grains [101] , vegetables, the human body blood samples, are themselves complicated and sometimes possess less sample amount, low content and various interference factors, it is particularly important to improve the detection sensitivity and selectivity. At the same time, the sensors for the simultaneous detection of heavy metal ions are in urgent need. The sensors based on nanomaterial modified electrodes have been continually improved on sensitivity and selectivity, which could meet the mentioned requirement. For example, the porous nanomaterials with large specific surface area [102] , assembled nanopores [103, 104] , self-assembly nanomaterials [44] , specific aptamers [45] combined with nanomaterials have been chosen to modify electrodes for improving the specific surface area, electron transfer ability and the accumulation of metal ions, and, therefore, consequently a better improvement on sensitivity, selectivity and repeatability as well as simultaneous detection is obtained for heavy metal ions. However, we believe further assiduous study in both detail and depth is required.
